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ABSTRACT _ S . .

‘ ~ This momograph, designed for. persons involved in the ’ i
organization and regulation of -screening of) newborns infants for . :
 Phenylketonuria, (PKU) and other genetic-metabolic diseases reviews
new developments in. the field, makes recommerdations, and provides ° N {
. information about specific conditions other than PKU. that are '
.detectable by screenifg. Discussed briefly in-Part I ard various \ J
aspects of §creening~£or PKU, gthic#l and legdl issues and 'screening
~ for other conditjons. Part II suggests a modeél for supervising- - x'
" scréenjng operations for any di'sorder (from determining ‘vhat R 4
.+ conditions should be scteened for, through implementation to /// ‘

. evaluation); discusses laboratory ré¢sponsibilities and offers ] /
specific recosmendations regarding PKU screening. Part IJI lists. ; |
conditions that can be screened for wvith four different procedures. |
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.In 1966 -the Department of Healtb Education, and Welfare issued
“Recommended Guidelines for PKU Programs for \rhe—NéwborM
assist health departmgnts and- others 1n establishing screening services for
the detection and care of newbosn infants with phenylketonuria. Programs
that now function in most States were initially based on these¥ guideliries,
and have been frequently modified to include new developments. But there
are problems that must be addressed, partrcularly an hight of new possiblli-
tigs: . ' :
v \ .

1. PKU screening gs often of Igss than optimal (and attainable) effectiveness.
2, Farems are, oﬁn poorly informed about screening and about the use

of specimens and resufts. -

3. Neonital screaning tests for other conditipns are available but the ques-
tion arises of ‘when they should be used on a population- wxde basts. -

) The first part of this monograph 1s a rgvncw of new developments related

. to these areas. Recommendartions are prescmed in the second part. Part III
provxdes additional - information about specific’ condmons other than PKU
“that -are detectable by screening . ; N .

Thxs publication s intended pnmanl) for thege involved 1n the organiza-
tion ‘and regulation of screening as a service /}es the objecuve “is to find
affected SUb]CCtS at a tume when ,mrcrven?mn may prevent the il eff
of the disease™ ', ', responsibility includes gssuring zhaz efficaciods therapy will -
be eﬁgcnvely provided Procedures invglved in thc actual diagnosis and
management of phenylketonuria, which wyll be of rgeresr to those providing
care to infants with pfe}umpnvc positivd screeninggd tests, are dealt with in
Jother publications 2 *

The Collaboratve Study, of Children Treated for%?hcnylkcronuna (a joine
effort of 15 chinigal programs cobrdinated througlggChildgen’s Hospital of
Los Angeles and supported by the Bureau of CorRidunity Health Services
through funds appropriated under ttle V of the Sfial Sccurity Act) has
collected a great deal of data on outcome of treatme of PKU as well as. .
on screening. The author's c\:gluam)’n ‘of screening pi)grams was fhir'xa.red

_on behalf of the Collaborauve Psoject. -
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! Pax?cnpants in the PKU Collabo>uve Project include

Chnldrens Hospltal University of, Mal:yland School of

Los Angeles, Galifornia - - Medicine .
ot SN " . . " Balumore, Maryland _
Rggiotial Cente%or the NN oo 7
" Developmental® Disabled " Johns Hopkins 'Hospital
. Childrens Hospnta\ and  Health Baltimore, Maryhnd
T Center A
= San Dlego, Czhforma ' Children’s Re%mblhtauon Center
. , Children’s Hospital )
Umversxty of Colorado Schook of Buffalo, New York
. + Megicine | - -
) DenVer, Colorado = - ° i State University of New York
‘ Syracuse, New York
Maxl.man Centgr ’ : < v
" University of Mrami -7 .. Childegn's _Medical Center
° Miami, ‘Florida’ ] Tulsa, Oklahoma
Cook County Hospital o University of Texas Medical School

Chicago, Illinofs -, 'Galveston Texas

Childrens Memorial Hosputal Universtty of Washington
Chicago, lllinois Seajﬂg Washington

Child Development Clinic " "Waismaty Center on Mental Re-
Univerdlty of lowa . .tardation and Human Develop-
lowa City, lowa . : ment M

: T Umversnty of Wisconsin
Madlson _WlSCOﬂSlﬂ
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Part I .New Developments ‘
PHENYLKETONURIA . o .
Pro:g»osis Lo .ot N . .

There c\an noalonger be any doubk that the early institution of a diet.
low in phenylalanine is efficacious in preventing retardanan from phenyl
L . ketonuria. The PKJJ Collaborative Project, reports thdt the 1Q (mean % °

5. d.T at 4 years of age 1n 97 PKU children identified and treated as a rg.sult .
~ of neonatal screening was~92 + 151 * This 15 much hlger than 1n up-
\ - teehted or late-treated phenylketonuncs tnctuding sxbhngs of the snidy
group. ,The best outcome was observed in those in whom. the diet yas
started by 3 or 4 weeks of 4ge ¥ 3 Since screening has ‘become widespread,

N
.

S

_ - the admission of chxldren .with PKU w0 mental 1nstitutions has yirrally

. s - .
.

Transient ‘eleyations. and variafm - .

¢ — d h

Neg all infants who have elevations of serum phcnylalamne on screening
- have classncal PKU. Exghry -five percent of infants with pregamptive positiye

greening test resules have normal concentrations on the ne® followup. Only -

5 percent will eventually be proved «to have PKU * Most of the remainder
with inutial elevations will eventually have normal phenylalanine concentra-
tions (less than 6 mg/100 *ml), but betweenr 1 and 2 percent will have
persmeht moderate elevations of. up ro 20 mg/lOO tl of blood phenylalanine

“on regular diets * These variants probably represent several different defects

butynost of them are not at risk of rctardarmn # 10 Reseriction of dietary
phenylalanme 10 a variant may result ina severc deﬁcnenq state and has
/00 proven Benefit. Thus, 1n any tnfant with a positive screemng test, Critesia”
compatible with a diagnosis of classtcal PKU must be pisenr bdore rherapy
{s statted. - .

A form of phenylketomma causifig severc retardation which s unresponsive
to dietary restriction of phenylalaninehas recengly been reported ' In some ¢
these infants the phenylalamnc concentration may not fise exccssxvxfly when

L4

they areychallenged with a regular dict '* This form can be ‘detected in -

fibrobjasts and, as these infants may benefit from carly treaiment with other
es of therapy, skin bops for.culture should be considered 1n any' rfifapt
with persistent elevations of phenylahmnc
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False ne’gcm'ves : o .

Between 5 and 10 percent of infants ulumagely proved to have, phenyl-
ketdhuria are not’ detected - by newborn screening , (false negatives):” Mosty ©
" .of them are missed“because of the early age at which they are screened; the
* blood phenylalghine in.mnfants with PKU may not rise avbov'e“rhe usual cért-
o off concentration unul 4 days of hife or lateg. '~ Although poor feedidg contrih- > . .
utes to the ' possibility of ngrmal valbes 1n the first few days of 'life, theres ,

are other igfluencing factors’ as %ell. ‘4 §n thé United Statés most infants '9 .

. are screened on or before. the #ourth day of life.” When infants gre .
- screened | later, as 1n the U.?xred Kingdom, there are virtually, 00 false -,

~

nggatives. !’ . . / . .
. ~e . L
. J! » ~ N . . - N . ) ) . . - . - u‘
. (
Labotatory error . v - : .

. labosatories 1nvolved 10 screentpg do _not a]way:s—?y‘ﬁ‘tain the true phenyls * 2|
, aldnine concentrations 1n specimens presented to them. '* Efrors which are .
marked around the usual cutoff range ‘of 4.mg, 100 ml explain the significant® 7
differences in the wincidence of presumptive posttive tosts, States reported S
incidences berween 57100000 and 275 100,000 (,m\infams tested on the . ..
thid day of Wfe © As the blood phenylalanine 1n 1nfants with PKU '
ro be only mimmally glevated 1n the first _‘;i ‘days of life laboratory " erf®r .
contnibutes toXthe falure to detect some affected infanes The urine ferric -

chlo?ie test for' RKU, or the Phemgrlx"‘ dlb stick, w%l’ to detect a

signiffjcant number of infants with PKU " regardléss their age. It
! . h St

-y should not be used as a screening test. . {
. ) b

! ‘
b » N -

. '8

#p D;lays = ¥ . <

-

»~ . ‘. .
2 Excessive um¥ 1s frequently required to retrieve an infant with-an ‘elevated <
first test. As a result of the delay some dimage may be sustained by affected
infants. In a narionwndc'survey, thé average ume between the first test and
the followup was 25 ‘days and 1n over 22 percent of infants, the ime lapse
was greater, than :l nonth to obtaim a fpllowup ° These delays could be
shortened by reducing the number of screening laboratofies an.d -establishing
well-defided procedures for communication between those collecting spéci-

e mens, the .labomrory analyzing the speciméns, 'and those providing followup Tt
< carg. ™, ‘ .o ! T -
] ~ R Q. .
) v — < . * . - ‘ .
o Unresolved problems ! )

- The succe;‘xl management of PKU in carly childhood has raiséd other
problems, such as the guestion of when the diet should be tefminated. The

Los Angeles PKU Collaborative Praject is studying rhe-‘prob}tm by termi- ®
. ndting the low phenylalanine diet 1n one-half of 1ts sdb;e.crs, selected at -
random, at 6 years of age.'” . ' . .o N~

[ 2 . >’ ) ! . /




" A second pr ?Blem relates to the pbservan()n that infants of phenylketonuric”
: mothefs, most' of wh would nog _be expected to have PKY, ‘are almost
‘always retaided and may,. in addmbn have phy&cal anomahés v -Thé
" question remains unanswered as to whtther female‘a with PKU who have -
anamed normal intelligence as a resuli of early tredtment, can be protected

; . from havlng retarded offspring by -maintenance of a law.'phenylalanine diet
" during pregnanty, . . ‘ . .~
. . f -
. N . . ’ -~ LA » L .
A : * 4 ‘ i . '.
. ETHICAL AND. LEGAL ISSUES I T . ’
/ " Failure to deﬁne ob;ecnves benefits_and_risks, obra'm onsent, ;nd assufe

. confidentiality, partcularly ih chrqmosotne reening an@ sxckle cell carrier
- detecnon has prompred’ concern for safegitarding individual nghts in all
¢ genenc screemng programs, mcludmg those for PKU. Recently‘ a committee
. of the National Academy of Sciences r,evnewed biphedieal, legal, and ethical
B aspects of genetic screening @ offered procedufal guidance.

o
-

. N
Informed co?sent . R
Most laBorarory tests are perfprmed because ‘the patient séeks help~ Iﬁ
screening, hqwever it is r(c patient who 1s sought and m “healthy subjects
are pe urbed. Consent Yor screening, therefore, must be viewed differently
T than consent for tests that res®y, from pauenc-mutatéd contact Informed
consent need not be a baser€r bebween the.screener and the ‘patient and
*  could, in facr, elimindte misundesstandings. Provision of information. to
rents before their infant®is schegped for disorders for which trearment is
" available’ could allay anxiety at the time of the test and result 1n gtedter willing- ~
/ ness of the parents to bnng the baby in for a second test, should that be neces-
sary. If, howeyer, the requirements fog informed consent result in.sigarficantly
fewer.babies being scréened, a man&w«r'pfog{am might be fegally justified
under the parens patrsae doctrine which enables “the,State to act to protect
those whe ‘gnnot protect themselyes. . N ) )
Any usc‘ii a specimens® for pusyoses other ian rhc demonsttated benefit
of the mn being screened coljitutds reséarch and must copform o
estabhshed guldehncs for research chuldren.*' The docrr/ ne’of parem
Ypatriae would not apply when proof is lackmé that ‘the scrcemng test, dffords”
pmrecnoﬁ\;o ‘the infant, Thus 10 situations whenga specimen(or part-of it)
«will be used s&:{ndmc a new test oryto wdenufy infants 10 whom a new

. treatment will sicd, failure to mf()r the parents about al] aspects of the
procedurgsand to‘)b\ T yconsent cannot \¢ Justified '
) .
" Right to information i o // r

. B newborn screening pro rams it may Tiot fcasxblewo mform parems \
of normal test results. This 1sﬂegally pumtssible pmvxdcdrthar parents are

v - = . ‘ -t - hd / 3
. \}4 ] ’ % ’ ‘( ‘ * * u‘ , . ! -
) -EMC ! ’ ) ' . J . ' .,‘ 4
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. ,atdvised of it in advance and agtee. lqves‘ngarors may also wish to Wwithhold
) ~ reshlts in situations when the spec.:rmen (or part of it), will be used to idéntify
s .  infants with conditions wise natural history 15 uncertain. Infants may’ be
. recruited ifito such studies if tbexr. parents are informed yn advance and given
. an opporrupity Jo refuse-to allow them to participate. ) t
=, ! Except for statigtical data compiled without reference to"the idenity of the

subjects, Informatioh regarding test results shbuld nqigbe released (for
. éxample, of school authorities) without the consent o} the infant’s patents.
“4 There is no threat to the public health—as in the-case of commuricable

diseases—to justify release of the information. Furthermore; release of the
“. + " information may lead to unwarranted stigmauzation of she infant“or -his.

v

be influenced to pass laws dealing with cach of ‘them. State laws» idw
., , exist dealing with sickle céll “creening, histidinemia, galactosemia and other
conditions. Recognizing ‘that )separar} laws for each new, disease may be
cumbersome and may not reflect the best interests of its citizens, the Mary-

- * - * ‘ & H
. lpnd Spate Legislapufe created”a Commjssion on_Hereditary Disorders which
~  ha$ the authority “to promulgate regulations and standards for the dgeection
. and management of genetic conditions in the State. As a result of having

 staggered terms of office, the Commisston always has experienced members on
. 1t. Consequently, 1t 1s In a betteg position than the legslature, to which it is’
responsible, to evaluate the pros and cons of screeming for specifi disorders.

The inclusion of consumer members provides greater assurance that pro-
gtams recommended by the COmmission serve 'the ‘best interest. of . the
public and that rights of informed consent and E‘?‘?ﬁdemial’lry are safeguarded

po
..
Regionalization . | . . “ -
. » Al e - »
Gy, Insome Srates the numbe rwof blrthslper year may be too small to sipport
an efficient screening *program and “several dtates may contract +with one
center-to provide laboratory Serviees and’ clinical consultation A regional
N\ network Of “screening covers Alaska, Monrana, snd Oregon and 2 simtlan
network, includes Maine, Massacpuscys. and Rhode, Island. . Regional net-
works alsqlexisr in the Province of Quebec, Canada,-* and in seyeral OQér' ,
countriess Toes TN - ~ . ’
The Secretary of Health, Eddc}hm, and *Welfate hé.s\'shggested the

o . 4
establishment of regional networks for laborafory work related to prenatal

J

ventually be performed 1 such -regional- laboratories. This would improve
efficiency and minlmize defays in f&lpwup s;?ldléd that pracedures were
. establidhgy  concomitantly for the ‘rapid " trag¥mission of specimens and

.
,
L P

. 4~
. fesulis to and. from the regional laboratory . % .
~ 2 % oyt . .
- ' . Tk, A . w
tu o . L . o [ .
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. . +*Regulation of screening - ¥ ‘ - -
" As it becpmes possible to screen for additional gsorders, legislators iy

.

diagnpsis.®_If this .were to occur. ‘newhorn screening tests might also 7

’
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. dxscovercd to

Screemng For Other Condltlons

- -

y Newbom sgreemng tests have now been reported for over 20 dnsordexs H
*Most” of them require speCimens from.infants. who are a few days, old, as
they measure metabohtes whose accumulation in ‘afffcted infants i is, at least in
part, deﬁendent on dietary intake. Cord blpod can be used for enzyme or

protein assays to detect hypothyroysm >+ and galactosemia.®* It has also

"been used to identify women with-phenylketonuria as the infants of: sych

. mothers ‘have high, phenylakmme concentrations 1n cord blood: but ndt in

specimens.obtamed later.®* Amino acid chromatography of blood, particularly
when -dbuained in the second week of life, enables detectron of PKU and

other abnormalities with one test.* Unine chromatggtaphy on specigens ’

collected"at 2 o0 4 weeks. of age has also proved helpful in detecting condi-

tions th¥ay be' missed by blood screening at-an earlier age. * Parf Hlge

of s publication provndes “additional information on a aumber of ¢ondi-
dons, . - o= ’,

AVaxlablllty of a test is insufficient reason for msmutmg a public screening

program. Some of the chemicals disorders whith are ‘detected are ror -
associated with any disease state, "For others, the relatiod is Uncertain and-

“further study is needed. Also, many tests require further validation. As a
n‘nmmum condition newborn screening Sf'rould meet at least ong, of the

- following criteria before it is offered ds 2 routine service: 1)” Affected sub-

jects who are discovered will benefit, as in the case of PKU, from the
early institution of therapy; 2)' affeged subjects and their families.will be
apprised of shazardous situations w should be avoided, (e.g., genesigally
determined dwnd food mtoleranceyy), 3) the families of affected subjects

generic disorders can be counseled about risks of recurrence.
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The first sectidn of ‘this part’ suggests a model for supervxsmg screening .
operanons £ any disorder, ‘from innovation, through 1mplemeatanon to

' evaluanon, The second section ‘deals with laborarory tespons‘:bxlmes and is L
intended net only for “laboratary personnel buc for those in- e screening™ ~ ,
., authotity 16’ whof the laboraory , is responsible. THe ‘third secnon offers, )
specific recommkndanons regardmg PKU screenmg ) ’ .
, < - - - : . cT N N -

A GENTRAL QRGAN;ZA*fIdN FOR SCREENING | ™" .

. - a ~
LI .

Screenmg is more than a labora;ory service. (See fig. 1), Ia myolves many
persons and operations from the time the infant 2nters “the Screening progess, s 1 v
continyirlg chrough the laboratory,_gﬁoﬁedutes, until dxagnosxs is madé and v ;
management of the,condition is-decided upon.® ° v <
An adriinistrative otgamzanon such as a- State central authority ufider a >
*State Health Department' or a regional ‘grouping of State Health Depart-
ments, could most easily dssure eﬂicxen!znoperanon and acceptance of a, 7
,coordinated comprehensive program encolmpassing the activitiés 1detwﬁed
in figure 1. The proposed, authority would work with an advisory, boarql
cofsisting of: 1) A representanvet\\ospuals who send specimens; 2)-a, °
specxallst in metabolic disease; 3) a nufse and/or nutrmomst mvolv:a in <
management of patients; 4) a representative of pracuan,physmans, 5) the -
. director of the laboratory performing the, tests, and 6) eonsumers. .
‘Thxs proposed central orgamzanon could have che following r&sponsxbxhues <.

’ S
. ¢ -

Determme wbttb conditions :bould be screened for .. .

3 - .

, Thls decxsxon should be based primarily on the followmg consxderanons :
| 1) Frequency and seventy of the conc‘mon 2) dvailability of a thetapy - -
of proven ‘efficacy; 3) extent to which detection by &creening 1mprove ~
optcome; 4) validity, reliability, and Safety of the* ‘;eemng tests; 5) ads

of rd§ources to assure eﬂeénve screemng and followup; 6), costs; arid 7) ) 3
acceptaiice of the screemng test by ‘the communtity,’ mcludlng both consumers &!@ '
and practicing physicians. It musg, be emphasized “that the -awailability of a g

cest is an msufﬁcler‘xt condﬁﬁn for undertakmgd‘rounrk screenmg, . RN

| ' \'- . . : -
’ . - * L] -
A . ‘ v, N 7 - '




Desermine. proceduref for
g co&cm of specimens

The agt of the infant’at the time of the test is most crucial and wxll
depend on the specific disorder undef consideration. Once the time- is de-

'c1ded, résponsibiity for .collection of specimens, must be assigned and ac-

cépted. Collection™of specimens during ‘the first_few days of life is usually
performed by hosp:ml personnel but jn the éecond week or later it can be
done in the home by health visitors or parents, (when urine is needed), i

a clinic er office, g in the hospital on a return visit. Seanidardized instructions,
test forms, mail®&, and other needed materials should be provided to all
‘who :((b‘specxmens Situations have been unmcovered in which hospitals

decid h filter paper' to use for the collec?a of blood specimens and
errors occurred because the wrong material was/se leceed. - ‘
X . . o ‘ ” .

Determine p'rocedq(e: for tmmyti::ion of .
:pec:mem and re:ult:, reco;?lmg of data_

- .

‘All steps up 0 and mcludmg referral of. infants wm[ presumptive positive
tests should be performed ; with sufficient rapidity so that those in whom the
dw'gnosns is established recdive maximum benéfic. To help assure that the
fest xslperformed on every “infant for whom the parents consent, a' notation on
the 'hospual medxcal record or Bifel cemﬁcate should be requued

"R

Deterinine adequacy oj laboralory tor labomnme:) n tbe State
(See al:o Labaratory Re:pomtb:lme:) Ao . .

alréady in routine use, and use spectfied procedufes to tepon resu.ks

‘ . ..

Refe(ral center .~ e s . .

Any center to.which infants with presumpu¥e posmve tests are referred
should be capztbleiof confirming the. diagnbsts, initiaring and monitoring

- The central orgamzanon should be al&le to request ﬂhe laboratoxy 10
* evaluate, tests for additional conditibns, docament penodxcally the adequacy of

¢

~

. therapy, and counseling the families. In order to accomplish this-the center
should have expérience with the dxsordu or related ones, antl should have
defined lines of communication to the central’ authority and screening

laberatory on the one hand and to practicing, physxc‘lans who provxde primary
»

care to the pauents with these conditions on the Other. The central authority
shbuld assure that no baby discovered by screering to have 2 genetlc disorder
v .. be denied treatmnent for financial reasons. .,

-' ., :
, .

Educanomn‘d mformatmu : ) ' ,

Phys:aans, colleges and schools, and the mass media should be “utilized to
educate the community regarding the avatlabnhty of and reasons for screen-

{ .

.
-
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.
~ s

" ing. Information should be provided to pregnant women and their partners
-about the objectives of the test, when and how. it will be done, which re-
sults will be transmitted, and how. In cases of presumptive positive and
unsansfactory screening results, the central organization mxght make avaxlhble
forok letters that could be used to request followtip tests. Pracuc;qg physicians -
must be kept informed about which conditions are being scre ed and lm’uta- T
tions of the tesss. ™, . -

False negatives are possible with any test.\In older infants with suspicious ¢
. ﬁndmgs the diagnosis should not be ruled out on thek basis of a negative
! screening test. ‘ N
- .
BXe }Determmc informed consent procedures iy .

-
P

' To obrain consent, mformauon may be presented to the parents either R
¢ prenatally or after bu'q) but not When the mother is in Jabor or un.rnedmgly
postpagrum, A stitemdnt may be included that unless*a parent specifically '
objects, thé test will be berformed. A more positive consent may~be obtained .-
~ onally, noted on the infant's record,-or still more formally, by written state-

i ment. If part Of the specimen wxll be used for investigational purposes, the
consent should note this intent and describe the type of invesfigation. A
brochure provxdxngwnforma/ tion about the test(s), as well as z standard * - | ¢

copsent form, should be distributed by the central orgamzauon

- W
* ' M

Evaluation - ’ - ot

M | v *
N

>
" The central orgamzauon should .periodically evaluaté the mdmdual
ponents of the program as well as the entire program. (See Eval auon
under section, Recommendations for Screening for Phenylketonuria ). -

PR . v

LABORATORY RESPONSIBILITIES. *

S .
Quality control

Because of problems in the performance and 1 terp'retal*)f screéning
¢psts, specimens should be analyzed in a large ¢éntral facility. This may e o
. one laboratory within a State or, when the-gdmber of births 1n a State is
too small to permit efficient utilization, one faboratory serving several Srates.
If mére than one haboratory miust be utijed” withif a State, the health de-
partment must rigorously check the quafity of edch laboratory. In addition, to
'-provide equal coverage of all iafangs born in the State,;all of the tests
deemed routine by the central authority should be performed by all la-boratones
- that are authonzed t0 perfOrm tests. -

\&k\
-
-
A
!
I
o
-
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deviation far the mean of all test fesults during the figt week of tife. To detect

all atfected infants during the first week would requ:rgepeat testing of all
* nfants who exceeded the mean by one sd. At'the lates age repeat testing would
2 . B needed only on those who exceeded the giean by J-sd..Test results in =~ -
unaffected subjects are much less affected by age. The diagram-also applies
when affected infants have reduced, rather than elevated, concentrations

- e )

. - Jof the compound being screened. ¢ . N R
Figure 2+ DISTRIBUTION OF TEST RESULTS IN A POPULATION
- SCREENED DURING THE FIRST WEEK OF LIFE
, A SRR M
‘The Center for Disease Control, 'Atlama. Georgiae will provide standard
" specimens that can be used to check the reliability of methodssin each partici-
= pating labgratory, assuring consistency ,of results between: laboratories.
) Bacterial assays and chromatography require visual comparisons of an
. unknown and a standard. To mlnxmi’zc‘error, standgeds shoul be ingluded in
the daily runs ’.}nd,/rron} time to time, specimens with elevated. concenera- - "
" tions inserted as uolgnowns. Intra- and inter-obs_eri/er variability should also
: . be checked. ' .
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review periodically results o&amed and to altet procedures or cugdff points

.{' - As the cutoff point npproach&s(rhe mean of all test results, more and more
» subjects who do not have the condition wilt_exceed 1t (fig 2) A large

" T ‘ "

°

g

smgle test tcsult thls is true of any laboratory test but pamcuiarly of screen-
ing tests in which the procedure itself, as well as the number of specimens

-being handled simultaneously, increases chance of error Thus, a confirga-
- tory test on a second spedimen is always part of the r()unne management of  *

posmve scrcenmg tests. - . -

L}

Changes in supplies, personnel, (nstruments, or chmanc condi tfons cdnt

alterthe results of tests routirtely performed. Consequently “there isheeqd to

accordingly. Methods repdried ig the icerature should be, followed closely

but cutoff+points should not be saccepred without validation on a sample of
the local populatmn whxch may. differ 1n’ age, or in environmental (eg,
nu;rmonal) or 'genencal factors from the population on ‘which the licerature
_report was based. Hagdling of the‘ specifnens may also differ. K}
» h . 'Y _ < -
« T ‘'
Determination of the cutoff point * ‘ v g
and optimal age fo® testing - R
A cutoff point which dxsrmgwsﬂ')es all of those thh overt manifestations of
a condition from those who do not have the condifon may not distingussh all,
or even most, Pfex)mptomam mfan;s from thos¥ without the ¢8ndition, In

affected subjects in the -immediate postnatal penod in pamcular, the cofi-

' centration of substances déstined to redh much Higher levels ‘may be only

minimally elevated.

Ideally, in order to determine ho’\fre:;uemlﬁy the cutoff level that is
selected will mxébsﬂecréd ifants, -anothet ‘test should be performed in
every infant: ‘Eitla more definitiye method (for examplc/quanntanve
determination of enzyme activity when the screening test méasures metabolite
concentration ) should be employed simultaneously. or the test should be
repeated when the infants are older! (Alrernanveiy, all nfants should be
examined for tHe condiion at an dge when clinical \manifestations are
usually present, this may be several yeats after they are tesged ) Jf the second
test reveals infants ‘with the condition who had levels below the cutoff point
on the screening test, either the’ cutoff point~should be changed or the ngt

should be pgrformcd when infants are older .

number of such “false posmves inflates the cost of screemng as they must
.1l be followed up 'Thus. rather rhan alter thé gutoff | 1t may be more

eﬁicxent to screen {fifints when thcy are somewhat oldé¥ provided therapy
wxll still be’ effectiv . )

]




A less satisfactory method of determining an optinal cutoff point than
performing ‘two tests on all infants involves performing second tests only

- . on, those whose screening test results fall outside of some multiple of the
. standard deviation of the mean on the a?emgl side (fig. 2). For-conditions
of low incidence a higher mulnple of the standard deviation can be

selected in order o increase the ratio Of true to false Fositives among those
receiving a second test. This approach assumes that all subjects with the
condition fall within the population on which another test is performed.
For tests which are already in, routine use, marked changﬁ in_the mean or
standard deviatton in the most recent periad compared to the spast may sug-
gest the need for revalidation. If ‘the incidence of the condition is lower than
that ‘reported on comparable populations then fevalxdanon 1s also indicated.

. . N -
N v - L 3

* Storage of specimens N . ,

Specxmens should be sayed, under conditions to, mhxxmxze stabdxry, for as

long as possible. Phenylalanine and some other amino atids i dried blood

> spots on filter paper are stable for several years When an infant whaese sereen-
‘ ing test was reported as negative is discovered to have the disease for which
screening was performed, a retest can indicate whether the laboratory was in
error. Saved specu'nens may be used for valxdanng tests for other ‘onditions,
provided parental consent was' glxen Sh6uld a serious dstase be shewn to
* have a hiochemfcal aberratfon, analysxs of) the specymén saved from affected
“infants may indicate that the condition s deectable. in the -newborn

D .

Récords of all cesults are confidential and should be released only t the

hospxtaf respoj sxble. for the coHecnon of the tést Test results may be

placed on the finfants medical record, or reported ‘to_the baly\ ?ysxman or
other person specxﬁcally a7eed to by the parengs .
~ . ~

" Ewalyation of tests for mew . ~ e

conditions and new tests e
e, )

he consem of the parents 1s requu-ed unless the specimen 1s used anony- |
- * mously, to establish the precision and reproducilylity of new_methods. When
' test is being considered for a_condigion fo%*dhxch screening i al.'eady
routme.ﬁt should be run smul’tanmusly with th on ‘the same s&cxmen;

* - . -
W?d (P ' : . - o
B ’ * - . 3 * , ¢
. 'Recording of results. / ‘. R o
. The hWtOry should keep permanlu records of all results and penodncally
tabulate’ them in order to determine change,n the fréquency of both true
= * and false posmves The interval it- takes fdr cach hospital to send speci- -

.mens should be checked penodlcally and delay&‘orrecred A system should™ .
. be developed to flag incomplete reords o - which 2 followup is due. A

'
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RECOMMENDATIONS FOR SCREENING
FOR PHENYLKET (_)NURIA( -
. - I

- Bénefits of PKU screening are sufficiently well established t0' recommend
testing every baby born in this country. Since there' is not enough experience
with other conditions to make blanket statements about the advisability of
screening for them, each authority should be the judge of the capabiljty of
its jurisdiction to screen for additional conditions. Screenimg for a numbee-of
other conditions is reviewed #h Pare 1II of this publication.:

. . A
. 7/ i e
Information gﬂ copsent ) - - )
Evety pregnah man should receive. ”mformatior; ‘concerning  PKU ~
screening, The central Mauthority: should distribute 10 obstemcxans, genatal
- clinics; and others* responsible for the care of _pregoant womén 4 brochuire
contining the followmg information. 1) Definition of PKU and reasons for_
the test; 2) indication “¢hat the test will not give information about other
. cayges of mental retardation, 3) description of the test procedure including
when and where it will be peeformed and how the specimen will be obtained;
4) descripuion of the .risks including the approximate numberd of tésts al-
ready perfprmed and the number of adverse reactions, or the lack of them;
5) reasons that followup will be requested explﬂnmg that a positive screen-
. ing test does not, by itself, indicate the presence of phenylketonuriay and 6)
d.cscriptioahqw the results will be communicated 1f negatve results will
. not be communicated- thé parents should be s informed (They should be
told how _they can obtaig the'results if they want them.) Barents shou!d
_also’be mformed of the time it will take for notification of positive ‘results,
or if the test must be repeated because the specimen was uns:msfactor:

‘A It may be appropriate to mclude wformation on PKU screening with
- information , concerning other recommended procedures (eg, typihg for
blood mcompaubxlmes Tay- Sachs testfng in the Jewish population, and
sickle cell scrc-emng in the black population) Infgrmatlomon PKU can alsq
be communicated, p"rhaps for a second ume, after the woman delivers her
baby. If a parent refuses to consent to the test, the refusal should be recordcd
in the infant’s medical record.

3 - »
Timing of the test -

Specimens should be collected no soener than 23 hours after theonsét
of milk feeding and s cldse as p()ssxble to nursery dxscharge but no later |,
than 14 days after bureh - ‘ .

-




' IHf'most infants are discharged’ on or befare thé fourth day of life it is
- preferable to screen in the second ‘week of Jlife. However, unless there i§) °
, assurance that this*can be accomphshed for everd. infant, routine screening

i f prior to Dursery, dmcharge should. be performed’ as recommended earlier.

. all mfants screened on i before the fourth day of life, or in infants With
vomiting or feeding difficulties prlor to the time that" the first aest
was collected. If a second test is routipely performed in order to detbce
other disorders, then a Tepeat test for phenylalamne should be_ performed
at that time o all specxmens '

-

-

Infants born into_ famhilies with a history of PKU stiould be tested gaily
during the hospital stay after birth _and, if the results remain negatwe, thg
.test should be repeated again at 2 weeks of age

£

14 days after birth or as soon as protein intake 15 adequate

5

= . . * - !
Respomsibility for testing, : -

in charge of the institution 1n which the child 1s born (or his designated

. +, representative) or, af a child 1s born outside the institution, with the person
. "“delivering the infant or required by statute to file the eerttficate of birth. If

an infant is discharged from the institution sooner than 24 hours after’ the
onset of milk feeding or before a blood test 1s collected, the institution should
be responsible” f?r ensuring that a satisfactory test’is obtained by 2 week of
-+ age If tests ase' 10 be performed routinely after babies are discharged frqm
' the hospital, rhe;esponsnbxhry can be assigned to the baby's physician or w&l
 ~  baby clinic, to a health- yisitor in the home, or to the hospital in which the
- baby is born by requesnlg the parents to return at a specified time.

. ph .

—_ —_ .

\
“re

. \) Lollectson of specimens

The following iaformaton should be affixed to each specimen: Name,
sex, race, date of birth, identifying number of the infant, time and dare(éf
the first fecﬁ’mg and ume and date at which the specimen was cbrained.
Birth weight, type of feeding (Breast op bottle), volume of milk ingested in
-« s last 24 hours, condition of the Baby at discharge, and name of the baby’s
* physxczan are bther useful items Supplies for the performance of the test

should be provided by rhe central authority

" AT sp specimens should be ‘forwhrded by first class mall to, the labordtory
« within 24 hours of collection. The cnvelypes in whxch they are mailed should
marked or colored to indicate that they, require prompt handling

} : [ ¢ -

14 o

A second blood test beeween' 1 and 4,weeks of age is recommended for

. In premature infams the sPec1men should be collected not later than” )

*The, responsibility for collecuon of the specimen rests w;i’rh the person '

~8
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\ * Report of sest vesylts T . : g

=

. -Criteria for diagnos'is of BKU

- ggement In &er o establish a ‘diagnosis of PKU once a_positive test,_;

E

(

%'I'he laboratory should report test results to the’institution or individual
responsible for the collections of the specnmen within 5 days after its
receipt: In cases of positive tests telepho} comunications may be used as
wellt ; [§ . - LAY

--The teport of each test should be entered on the infant's medical record <

and, in the case.of negative Tests, be available w0 parents on request. Np test~

result should be released by the laborato,ry, the institution. or any osher indi-
\ ~vidual,’ except as already described. without the written authorization of the

» .

parent. — i . ) ‘
: = - . . .
. 4 v )
- - ,q ‘. -

Repeat tests for® premmptue po.vtuves ] - ~

In case of a presumed positive test, the 1nstitusion or individual, or his
desngm(e responsilie for collecgon of the screening specimen should be
responSIble for obeining a repeat gest and should do so prpmptly. I the
iffane cannét be Metrieved for, a second, test, the central authority_should be
notified qnd further followup attempted” h) the local health department Care

should bg takog not to alarm the parents wnduly. paratutirly when a second‘
fe

tebe is reques because the screenifE test was unsatsfactory. The family's

physictan should Be notified whenever possible. Parents shoald be notified of *

the results of follovs up tcsts, even if negauve, so that they do not remain con-
cerned. '

The¢entral authority should be notified by the faboratory of confirmed
positrve tests so thit the aurhont) may inform the institution or the individual

« gwho collected the specimen as well as the family’s physieian. The cenual
L authonty f@bst also assure referral to @ center expenence!l in the &-ld of

genetic-metabolic “disorders for conﬁrmauon’oi the diagnosis and rpasi"ge-

_ ment of the treatmrent The Infant and Jfamily will benefir from the estabiish.

mert of a cooperative refadionship - betwecn rhelr physman and the con-
suleant. : -7 :

- . 7
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'The HEW p}xbhcanqn Management of Newborn Infants wich Phenyl-
ketonuria” © contains a detailed description,/6 diagnostic procedures and man-

obtained, at ledst two separate determinations by a quantitative merlfod should

. yield a blood phenylalanine concentration of 20 mg 100 mi or hné,hcr and a

tyrosmé concentration of $.mge 100 m! or less' Both of these specimens shquld
be collected whén the baby 15 receiving adequate amounts of regular formula.
If these criteriaare satisfied, dietagy phenylalaffine should ’bc resteicred even if*
the ferric Chloride test is neganive  (More sensitive Emc‘duru may 1pdicate

’

P

the presence of phcn),f.zlamnc metabolites i the urine ) After the apfanr 15>
wtarted on a low phcnyhlamn( diet. frequent monitoring of serum or blood

15

RIC « ) :

.
. V4
Aruitoxt provided by Eic: ' .
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ine concentration—is—needed Lower than expected "levels suggest
N the ibility of a varfant ‘form. In @y event; the diagnosis should be con-
— firmed /by 6 months of égeﬁy challenging with a fgrmuja conr'ai:‘x*!g normal

amounts of phenylalanine - ‘ LT T T

. Acceptable screening procedures | : . .

p 7 . 220,
Laboratory methods for screening have been reviewed elsewhere.™ TRE2G, 2. 28

fhe Guilttie bactenal nhibition assay. the McCaman and Roburfs fluorometric
assay, and chromatographic procedures on either paper o thin layer plates
are screening methods currently in use. "I;he fluorometric method 1s most
sghsitive and precise.and paper chromatpgraphy is the least sensitive,"Paper
chromatography should mot be used “when the specimen .is collected in the

’ ' first week of life. Determinatton of the cutoff -value. by any of these
, . s y y

-

ERI

methods should be ade in each laboratory according to the” procedures
described in the preceding section on Laborarqry Responsibilities Neither the
_Guthrie 'b(grenq} inhibrtion assay on urine nor:he ferric chlonide test nor
Phenistix“l test is a sutrable screening test at any et .

Evaluation , -
i
In -order to evaluate the screening program, once each year each hospital
should report 1ts number of births, initial and repeat tests, @ d refusals to the
central authority The laboratory, or laboratorres performing the tests should
report the fnumbér of first and repeat specimens received, andythe average
and mediap time from collection of the specimen to receipt by the laboratary
for each fhospital. The laboratory should also repér\r the time required to
process Pécimens (the time berween receipt 1n the laboratory and the mail-
, i!?of results) and the waterval between the.first positive test and follawup.
isposition of all infants with positive tesgs should ‘be determined .Mgm' ap-
propriate sources by the central authority and the inCidence of PKU, variants,
and presumptive positive tests shewld be ‘calculated and compared. to
similar data frgm earlier years and other regions. - o >
On the basis of this information the central authority responsible for the
. entire’screening program can suggest appropriate modifications of procedures
“by the hospitals, laboratories. or others involved in the program -

-

A .
.

A FuiText provided by Eric ) ‘
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Part IT: , Tests for other disorders

- * 4

Over 20 different genttic-metabolic conditions may be detected by analysis

of meconium, umbilical cord blood, blood in the first few weeks of life, or

. urineat2to 4 weeks of age. Although each condition represerits a chemical

’ aberratlon some are not respoagiblé for disease—iminoglycinuria, for instance.
e In othets, such as histidinemia, Hartnup's syndrome, hypercholesterolemia; or

- - cystinuria, it is doubtful that clinital problems will develop in bvery subject .

lcft untrea:edf }! .

- " " tinfants with some " of the r cheﬁnical abnormali;ies will,’ h’owever,
frequently go on to develop severe, overt disease (sickle cell anemia, thalas-
semia, some forms of horhocystinuria, homozygous alpha, anti- trypsio deficien;

o <Y, cystic fibrosis) for which, at the present time, there iskuiO eﬂecrii
prophylaxis. Alggough neonatal detegtions of cystic fibrosis sickle cell
anemia may provide a family with information t0'avoid the Birth of other

" affected children, counseling seryices are needed and the effectiveness of ]

“ " neonatal programs with this ob)ecuve remains to be proven. Furthermore, ™

. neonatal ing for cystic fibrosis, using meconium, sweat, or other methods,
requires er validation; X significant propomon of affected infants s
‘being mi # Screening ofryoung adulf for sickle cell carriers is a more *
effective way of offering reproductive information to high risk couples than
neonatal screemng . '

Since some other detectable conditions are beth severe and freatablé but.
extremely rare, the cost of establishing routine screening programs just for
them might be excessive. When, however, a screening program (including
appropriate followup) already exists, when no additional specimen is required,
when the methods required are similar to those in use, and when treatment is,
effective only when started early in life, the added cost may be small. Thus,
while, maple syrup urin€' disease and galactosemia are both rarer than PKU, . .
they meet all of these conditions if PKU screeriing is 1n operation. However,

-~ both disordédrs can be fulminant and unless screening is done in the first

l week.of ulife and results reported promptly, tests for them may be.of no

avail. The -test for orotic aciduria in the newborn has not been validated

because of its extreme rarity. The condition may also be treated’ effectively
later in life if the diagnosis is made. It should be suspected in cases of re-

feactory hypochromid| anemia. - .

- Finally, there are conditians detected in newborns whlch will result in

difficulty only in spe'cxﬁc environmental situations. Whether morbidity and

)
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' galactosemia is also available but exposure

R
° N~

'

_ mortality from glucose-6-phosphate dehydrogenase deficiency or from heredi-

tary angiogeurotic edema will be
remains to be established. \ . e
The section that followd lists a mimber of conditions for which it may be
of benefic -to screen # 'specific tefting circumstances. Either treatment is
available or the Tamuly willbenefic frpm dounseling In each case the decision -
to undertake screening should be based on dhe availability of resources at all
stages in the process_(fig. 1) as well 4s an validation of the procedure -n the
Jocal laboratory ’ - '

reduced as a result of nednatal screening

A. Dried blood on filter paper colle sed T the first week of life:
o . . .

1. Phenylketonuria .
2. . Maple syrup urine disease

3. Galactosemia )
Bactetial assaysfor metabolites Avhich ac
these conditions. *' An enzyrﬁanc assay for the severe, classical form of
f specimens to heat (eg.. warm
efore mailing) leads to inactiva-

—

mulate are available for each of

weather) Of dampness (eg., not air-dried
ti(;n_ of normal enzyme.

4. Hypot‘hyroidn‘sm .
Recenjy, a screemng test for thyroxine (T, ) #as reported capable of detecting,
congehital hypothyroidism on the fifth day of.\hﬁe. »If perfornted earlier’ the
test may fail to detect some ihfants with déficiency. There are manj false
pesitives; 1 percent of infants require followup. The T, test 15 less sensitive

A

" than the TSH assay (see C2) performed on cord blood, and very recently on

7

dried bldod on filter papér.'Hypothyrond infants benefit from early- treatment.
5. ‘Tyrosinemia . .
Except in populations in which hereditary tyrosinemia has been observed,
this candition is probably too Tare to merit ‘routine screening. One percent
of all infarits may have 4fansient elevations of tyrosine** % often accom=
panied by moderate 'phenylalanine elevations In a specimen with .an elevated
phenylalanige the Finding'of an elevated tyrosine makes a diagnosis of PKU
unlikely and reduces the number of infants who need rapid followup to
ascertain the presence ot PKU. B ‘
Fluorometric as well as microbiologic assays for phenylalanine, tyrosine, and
galactosemia are\itvai]able. o -

, , < ¥
B. Dried blood on filter paper collected from the beginning of the
second to the fourth week of life. i

-y

‘1, Phenylketonuria *."

2 Maple syrup urine disease . -
3. Galactosemia ' u

18 ’ 24 l \‘."
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* It may however be too $te to screen eﬁecuvely for galactosemla and maple

syrup urine disease. . , . ‘ L :
4. Hypothyroidism ) Pt
. 5. Tyrosinemia ) .

- 6. Hormocystinuria .
- The bacterial assay will only degect those forms of the disorder in ‘which
serum methionine i is, elevated. In tHe first week of life the test may not be
sufficiently sensitive to detect the form responsive to vieamin.Bg24 and \
even @t a later age further validation is needed. Certain other inborn errors
as well as high protein intake may also cause elevations of methionine. -

., * Phenylketonuria,%maple syrup urine disease, tyrosinemia and homocystipuri®
can be detected by either paper og thin layer chromatography. 28 27 With
current stains the metiod may be less sensitive ‘than those previeusly

—  mentioned and, consequently, it should not be used in infants younger than

1 week“without careful validationi,. ) - :

T 5 Hyperglycmemlas N .

. Ar the present time chromatography is the &nly xouunely used screemng N

method theoretically capable of detesgﬂgc‘undmons in which hyperglycinemia -

is present. However, blood levels may be-only migjmally elevated and affected .
+  infants could escape detection. Infants with all Bue the nonketotic form ap-
) ' pear 0 benefit from treatment. Genetic:metabolic” disease  should -be con-
", sidered in any young infant with' ketoacieria. Amino acid chromatography is
also likely to discover unkhown compounds vations of known amino

acids which have fiot hitherto been associated with disease. If the infants

from whom such specimens are obtained are asymptomgtic, no therapy is

indicated byt pathological changes may appear and these mfants should be

fou0wfd e ' P
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Blood 'from tfie placental end of the umbilical cord can. be colleczed mto a

test tube or onto filter paper Care mugdt be, aaken not to tomammate the ,
specimen with matecnal blood )

1. Maternal PKU '

" Most women of chlldbea,nng age are (00 old to have beep streened in child- ©
heod. Thus they may have undetected PKU In such cases the cord blood Will
show an elevated phenylalanine, but the concerirration will falliin the next

S few days of life' upless. because the father is.a came‘, the child has PKU.
Even those infants %f motbers with PKU, who do not themselves*hgwe PKU,

L ‘will bef recarded because of expostre o elevated phenylalanine in utero. Licel
can be done to benefit these mfams but the mothers can be counseled con-’
cerning fisks to furure oﬁspnng b .-

2 Hypothyroxdlsm - ) ’ 7
A scréening assay for TSH 1n Cord blood has been r?}‘)oried which appears
. capable of detecting infants with hyppth}mndnsm 25’ In ordef to assure that _

1 . .

.

. !




affected 'infants will not be missed l;y either the TS assay nor the thyroxine o

(T4) method, an indepepdent measurement (for” instance, the other test) .
should be obtained. Or, all infants with negative tests should be Tollowed-‘up
. until the procedure is validated. (See Ady ) L e
— .- 3 Galactosemia . S ;
. The’ enzyme assay allows early derecnon facxln;armg 'rhefapy of the classical -
form. . N . . . -
. 4 4.+ Arginino-succinic acnden'na L -

- A screening enzyme assay has detected one inPint in «the newborn perigd.
The disorder is of variable severity. Prompt diagnosis of thie ngopartal form
.+ may be beneficial, alrhough the outlook at the pedserit nrb[ is gloomy..
Treatment of the:less severe form 1s probably efficacious in reducing mental -
‘ retard?:on. . .

- +

. D. Urine collected betweemZ and 4 weeks of age: . '

- Parents can be given filter paper ke, maller and msrxucnons for urine-col-
" lection ** or the specimen can be collected at the nine of the first office

) * or clire visit. This may be ‘moze costly in nme than collecrmg blood. Fewer
" than 70 pescent of parents may send in specn{nens Chromarography of ‘the

urige ¢an result tn the detecnon of . |
1., Phenylketonuria - . ~ . |
. 2. Maple syrup unne disease ", ! ! ’ -
O 3. Tyrosinemia i + o \
4  Homocystinaria ¢ ¢

- This method detects both hlgh and low methionine forms as homocysnne

can be directly observed..
L 5. Hyperglycinemia : ' - -
Quannranve amino acid analysis of blood ts needed to assure that hypergly-
" cinemia as well as hypergly;muma is presém. Iminoglycinurja is a benign
condition in which blood glycine is normal. -, N
6. Arginino-succinic acidemia -, )
7. Galactosemia .. )
Although a generalized amino aciduria may be present in this and other
. TMS at 1 month of age, chromarography .of sugars is the specnﬁc urine
/ screening, technique '

8 Cysunuria © : ) ‘.

Most infants will never require,therapy, but when there is a family history of

tenal Stones further study to derermme whether there is a need for prophylam SR
. “1s indicated. -

Many other conditions can be detected by chromatogedphy for amino a'cids
bue either their significance 1s unknown, no treatment is available, or they »
are not associated with disease. The screenér should inform patents priar to
the fest about the possibility of detecting conditions in these categories. :

[
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